Summary &horbar; Diluents based on the zwitterion buffers Tes, Hepes and Pipes titrated to pH 7.0 with NaOH or Tris were compared with Tris-citrate diluents by assessment of post-thawing motility and acrosome integrity of frozen ram spermatozoa. Varying buffer osmolalities between 300 and 360 mosmol had no effect but there was a decrease (P < 0.001 ) in motility between 360 and 420 mosmol. There was a quadratic effect (P < 0.001 ) on motility of increasing glucose concentration in the diluent (30, 85, 140, 195 and 250 mM) with a maximum at 85 mM. At this sugar concentration, motility was higher (P < 0.001 ) for diluents containing glucose and fructose than lactose, sucrose or trehalose. Inclusion of egg yolk (optimum at 13.5% v/v; P < 0.05), centrifugation of the diluents (P < 0.01 use of low dilution rates (3 or 6-fold; P < 0.05) and freezing in pellets rather than minitubes or straws (P < 0.001 ) improved both the motility and acrosome integrity of spermatozoa in the zwitterion diluents. It is concluded that zwitterion buffers are superior to Tris-citrate in ram semen freezing diluents. zwitterion buffer / motility / acrosome integrity / frozen ram spermatozoa Résumé &horbar; Effet de l'addition de tampons amphotères à des dilueurs sur la congélabilité des spermatozoïdes de bélier. Nous avons comparé l'efficacité de dilueurs à base de tampons amphotères TES, HEPES et PIPES ajustés à pH 7,0 avec NaoH ou tris, à celle de milieux à base de tris-citrate, en évaluant la motilité des spermatozoïdes de bélier et l'intégrité de leur acrosome après congélation. Entre 300 et 360 milliosmoles, l'osmolarité des tampons n'a aucun effet. Au-delà, et jusqu'à 420 milliosmoles, on observe une baisse significative (P < 0, 001) de la motilité. On obtient un effet biphasique sur la motilité en augmentant la concentration de glucose dans le dilueur (30, 85, 140, 195, 250 mM) avec un maximum pour 85 mM. À cette concentration, la motilité est plus élevée avec le milieu contenant du glucose et du fructose qu'avec ceux contenant du lactose, du sucrose ou du tréhalose (P < 0,001). L'addition de jaune d'&oelig;uf (optimum à 13,5% vlv; P < 0,05), la centrifugation des dilueurs (P < 0,01), l'utilisation d'un taux de dilution peu élevé (3 ou 6 fois ; P < 0,05) et la congélation en pastilles plutôt qu'en minitubes ou en minipaillettes (P < 0,001) améliorent la motilité et l'intégrité de l'acrosome des spermatozoïdes congelés dans des milieux contenant un tampon amphotère. Cette étude montre donc que les tampons amphotères sont plus efficaces que le tampon tris-citrate pour les dilueurs utilisés pour la congélation du sperme de bélier.
INTRODUCTION
Tris-citrate buffer has been used in diluents for freezing spermatozoa of many species. In n the ram, varying the diluent composition, osmolality and method of freezing spermatozoa in Tris-citrate-based media has been extensively investigated in the past to improve the post-thawing quality of spermatozoa (reviewed by Salamon and Maxwell, 1994) . Zwitterion buffers such as Tes, Hepes and Pipes have pKa values closer to the optimal freezing pH of 7.0 and vary less than Tris with temperature changes (Good ef al, 1966) . Comparisons have been made between diluents based on Tris-citrate and zwitterion buffers for freezing semen of boars , bulls Parrish and Foote, 1980; Garcia and Graham, 1989a) , humans (Prins and Weidel, 1986; Weidel and Prins, 1987) and turkeys , but not rams.
In this study, post-thawing motility and acrosome integrity of frozen ram spermatozoa were evaluated in diluents based on the zwitterion buffers Tes, Hepes and Pipes titrated to pH 7.0 with NaOH or Tris than in Tris-citrate diluents. The effects of diluent osmolality, sugar concentration and sugar type were initially examined in each buffer system. Subsequently, the effects of egg yolk concentration and centrifugation, semen dilution rate and freezing method were examined to optimise the post-thawing motility and acrosome integrity of ram spermatozoa after freezing semen in zwitterionbuffered diluents.
MATERIALS AND METHODS

Semen collection, dilution and freezing
Semen was collected during autumn using an artificial vagina from mature rams of mixed age and breed, housed at the University of Sydney.
Only ejaculates with good wave motion were used (score 4 or 5 on a 0-5 scale; Evans and Maxwell, 1987) . In all experiments, aliquots of semen were diluted in 5 ml glass test-tubes at 30°C by slow addition of the buffered freezing diluent. The dilution rates of semen used were 3-fold (Experiments 1-4), 3, 6, 9, 18 or 36-fold (Experiment 5) and 18-fold (Experiment 6). All diluents contained 6.0% (v/v) yolk (0, 9.0, 13.5, 18.0% v/v) were examined for each of the 7 buffer systems detailed above. All diluents that contained egg yolk were prepared with or without centrifugation (10 000 g for 10 min at 20°C) prior to the addition of glycerol and glucose.
Experiment 5
To evaluate the effect of dilution rate of semen with the zwitterion-buffered diluents, semen was diluted 3, 6, 9, 18 or 36-fold in the 7 buffer solutions. The 7 diluents were prepared as for Experiment 4, centrifuged and contained 13.5% v/v egg yolk only. These diluents were diluted with deionised and filtered water for the dilution rates above 3-fold so that the final concentration of components and thus the osmolality of the diluted semen was the same (whatever the dilution rate) for each of the 7 buffer solutions.
Experiment 6
Experiment 6 examined the effect of freezing method with the zwitterion-buffered diluents. The spermatozoa was subjectively assessed under a coverslip on a warm stage (37°C) using phase contrast microscopy (100 x) after 1, 2, 4, 6 There was an interaction between dilution rate and incubation time. In diluents containing semen diluted 6, 9, 18 or 36-fold, the percentage loss of motile spermatozoa during incubation was lower than in diluents containing semen diluted 3-fold (27 vs 51 %). The overall mean motility was higher for dilution rates above 3-fold (P < 0.001 ) with a maximum between 6 and 18-fold, while acrosome integrity was highest at the 3-fold dilution rate and decreased linearly at the higher dilution rates (P < 0.001, fig 2) . (fig 3) . Motility (P < 0.001 ) and acrosome integrity (P < 0.01 ) of spermatozoa were better for pellets than the other freezing methods and minitubes were superior to straws in terms of motility (P < 0.001) but not acrosome integrity (fig 3) .
Motility was higher (P < 0.05) while acrosome integrity was lower (P< 0.001) in zwitterion than in Tris-citrate-buffered diluents (table II) .
DISCUSSION
Ram semen freezing diluents buffered to pH 7.0 with Tris-citrate have been used commercially for many years (Watson, 1979) . Tris, however, has poor buffering capacity below pH 7.5, but there are zwitterion buffers available for use in the 6.0 to 8.0 pH range (Good et al, 1966 In these experiments, increasing the diluent buffer osmolality from 300 to 360 mosmol had no effect on post-thawing motility, but at higher osmolalities the viability of spermatozoa was reduced. The latter osmolalities were probably too hypertonic, thereby causing osmotic injury to spermatozoa. Taking into account that these buffer osmolalities are equivalent to diluent osmolalities of 340-400 mosmol, and that a low dilution rate of semen was used in this study (3-fold), these results support the findings of Salamon and Visser (1972) using 5-fold dilution, that ram spermatozoa tolerate a wide range of osmolality of freezing media (250-400 mosmol).
Low concentrations of sugar are usually incorporated into semen freezing diluents as a sperm metabolic source, but high sugar concentrations in the freezing diluent have improved cryoprotection of mouse epididymal spermatozoa (Tada et al, 1990 ). Up to a 7-fold increase in glucose concentrations in Tris-based diluents had no effect on postthawing motility or fertility of pellet frozenthawed ram spermatozoa (Molinia et al, 1994) . The optimum glucose concentration in the present study was between 85 and 140 mM in zwitterion-based diluents, which is 3-5 times the level traditionally incorporated into Tris-based media (Salamon and Visser, 1972) , and higher levels may have been toxic. The monosaccharides glucose and fructose were more suitable than the disaccharides lactose, sucrose and trehalose. Type of sugar has no effect in Trisbased diluents for frozen storage of ram semen (Molinia etal, 1994) and Garcia and Graham (1989b) Further, spermatozoa in diluents containing disarrachides lost their motility quicker during post-thawing incubation than in diluents containing glucose or fructose possibly because monosaccharides are more readily metabolizable by spermatozoa (Mann, 1964) .
The incorporation of up to 18.0% v/v egg yolk in the pre-freezing diluent is known to improve the post-thawing motility of cryopreserved ram spermatozoa (Salamon and Visser, 1972; Watson and Martin, 1975) . The active fraction of egg yolk is the low density lipoprotein (LDL); the protein component binds to the sperm surface and phosphotidylcholine appears to be instrumental in providing cryoprotection (Watson, 1981) . ). In the first 3 experiments a cloudy precipitate was observed before freezing, presumably of cationic egg yolk lipoproteins (Vishwanath et al, 1991 ) , in the zwitterion diluents containing 18% (v/v) egg yolk, which may have impaired cryoprotection of spermatozoa. Thus, in subsequent experiments, the egg yolk and buffer combination were centrifuged as reported for bull semen freezing diluents , prior to the addition of glycerol and glucose, and the supernatant was used in the semen diluent. This centrifugation procedure improved both the viability and structural integrity of spermatozoa.
Better post-thawing motility of spermatozoa was achieved for dilution rates above 3-fold compared with 3-fold (< 45%), with a maximum between 6 and 18-fold (> 55%, fig 2) . Similar results have been reported for spermatozoa frozen in raffinose-yolkcitrate (Lightfoot and Salamon, 1969) and Tris-based diluents (Visser and Salamon, 1974 (Lightfoot and Salamon, 1969) . At high dilution rates the concentration of diluent components per sperm cell is much higher than at low dilution rates.
Several reports have described adverse morphological and metabolic effects of zwitterion buffers on cell fractions, cells, and tissues (see review by Poole et al, 1982) .
Thus a toxic effect of the zwitterion buffers on sperm ultrastructure may be occurring at high dilution rates, but this is negligible at low dilution rates (3 to 6-fold; table I).
In the zwitterion diluents examined, minitubes were better than straws but inferior to pellets for freezing spermatozoa (Experiment 6). This result agrees with our preliminary findings in Tris-citrate-based diluents (Landers et al, 1992) . Pellet freezing is generally superior to straw freezing, largely because of its simplicity and reliability (Evans, 1988) , although some workers report the opposite (Pontbriand et al, 1989) . However, it is likely that the poor results obtained with minitube and straw freezing in this study were partly due to variability in freezing rates in nitrogen vapour (Evans, 1988) . Differences This study showed that zwitterion-based buffers may be successfully incorporated into diluents for freezing ram spermatozoa. Post-thawing motility of spermatozoa was higher in zwitterion than in Tris-citrate-based diluents and this was independent of buffer type or of titration with NaOH or Tris in the diluents. Post-thawing motility and acrosome integrity were better maintained in centrifuged egg-yolk-containing zwitterion diluents, at low dilution rates of semen (3 to 6-fold) and following pellet-freezing than in minitube-or straw-freezing in these diluents. It remains to be determined whether the improved post-thawing viability of spermatozoa frozen in these novel diluents may be reflected in improved fertility.
